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Abstract 
The application of remote sensing for extraction of water bodies and shoreline has long been used 
in water resources assessment and coastal management. In this paper MODIS data have been used 
to map water bodies on global scale. Unsupervised classification K-means and ISODATA was 
performed on MODIS data of 2003 to extract water bodies and shoreline. The accuracy of the 
classification was assessed using reference data such as TM and Google earth. The result showed 
that the accuracy of water bodies of the produced map was higher than that of GLC (Global Land 
Cover 2000). 
1. Introduction 
Mapping water bodies and shoreline at global scale can only be done using remote sensing imagery. 
The importance of water and shoreline mapping is that it has many applications such as coastline 
erosion monitoring, coastal-zone management and evaluation of water resources. 
Following the increase in the availability of satellite images, the development of tools for 
geographic data analysis and image processing techniques, numerous research studies have 
attempted to extract and delineate water bodies from these images (Smith 1997). The ex廿actionof 
features such as coastlines and water bodies directly from satellite images overcomes the problem 
of matching available coastline/shoreline datasets with the image dataset studied. There are various 
methods for the extraction of water information from remote sensing imagery, which, according to 
the number of bands used, are generally divided into two categories, i.e. single-band and multi-band 
methods. The single-band method usually involves choosing a band from a mulかspectralimage to 
extract open water information (Rundquist et al. 1987). A threshold is then determined for the band 
to discriminate water form land. However, the subjective selection of the threshold value may lead 
to an over-or under-estimation of open water area and the extracted water information is often 
mixed with shadow noise. The multi-band method takes advantage of reflective differences of each 
involved band. There are two ways to extract water information using the multi-band method. One 
is through analyzing signature features of each ground target among different spectral bands, 
finding out the signature differences between water and other targets based on the analysis, and then 
using an if-then-else logic甘eeto delineate land from open water (Yu et al. 1998). The other one is 
a band-ratio approach using two multi-spectral bands. One is taken from visible wavelengths and is 
divided by the other usually from near infrared (NIR) wavelengths. As a result, vegetation and land 
presences are suppressed while water features are enhanced. However, the method can suppress 
non-water features but not remove them, and therefore the normalized difference water index 
(NDWI) was proposed by Mcfeeters (1996) to achieve this goal. Nevertheless, the NDWI cannot 
efficiently suppress the signal from built-up land so that enhanced or extracted water features are 
stil mixed with built-up land noise. 
The objective of this study is to map water bodies at global scale using MODIS data through 
examining different methods. In this study an unsupervised classification was performed in order to 
separate water from other land cover types. The NDWI was calculated and integrated with other 
bands for classification. 
2. Methodology 
2.1. Geometric accuracy inspection 
After mosaicking and re-projection had been done, a geometric accuracy checking for al output 
images was done, for this purpose Landsat ETM+ images were used and considered as a reference. 
Landsat ETM+ images were downloaded from Global Land Cover Facility Earth Science Data 
Interface of University of Maryland. The results indicate that the RMSE is less than half pixel of 
global MODIS 2003 data 
2.2. Clearing Cloud Pixel Contamination 
Cloud cover is the major factor limiting the use of optical remote sensor for various applications. 
Clouds contaminate many pixels of the original乱10DISdata and might have cloud pixel 
contamination on a series of al (16・day)23 periods. For each of the five continents (North America, 
South America, Africa, Eurasia and Oceania), and in order to verify the cloud-cover continuation, 
an analysis of cloud-cover has been performed for each pixel of each band for al (16-day) 23 
periods. Cloud -cover analysis revealed thatヲforthe same continent, different parts of the all-23 
periods of al 5 continents might have cloud-contaminated pixel on a series of 16-day data (i.e. from 
period 1 start on January 1 to period 23 end on December 31 ).Therefore, and in order to use 
MODIS data of 2003 a clearing of a cloud-contaminated pixel is very important. For this purpose, a 
method has been developed at Tateishi Lab. of CEReS, Chiba University using MODIS data of 
2002 (a year before) and 2004 (a year after). 
2ふ Unsupervisedclassification 
Unsupervised classification was performed on MODIS data of 2003 to extract water bodies and 
shoreline. Both K-means and ISODATA were used for the classification. A number of trials were 
performed with different number of classes ranging from 10 to 120 classes for both K-means and 
ISODATA for three periods (May, July and August for northern hemisphere and November, 
January and March for southern hemisphere) for each continent. To avoid overestimation of water 
surf ace area, the class is considered water if it is classified as water in at least two of the three 
periods. 
2.4. Normalized Di汀erenceWater Index (NDWI) 
The NDWI is expressed as follows (McFeeters 1996): 
NDWI= Green-NIR/Green +NIR 
This index is designed to (1) maximize reflectance of water by using green wavelengths; (2) 
minimize the low reflectance of NIR by water features; and (3) take advantage of the high 
reflectance of NIR by vegetation and soil features. As a result, water features have positive values 
and thus are enhanced, while vegetation and soil usually have zero or negative values and therefore 
are suppressed (McFeeters 1996). The NDWI was calculated and integrated with other bands for 
classification. Flow chart of the methodology is shown in figure 1. 
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Figure 1. Flowchart of the methodology 
3. Result and discussion 
After supervised classification was performed, the classes which represent water were grouped in 
two classes, first class for deep water and the second class for shallow water, while the other dasses 
were grouped in one class as non-water. The result of unsupervised classification for the five 
continents were ca町iedout, examples are shown in figure 2 and figure 3. 
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Figure 2. Water map of Eurasia 
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Figure 3. Water bodies of North America 
Water bodies were classified with high accuracy (more than 95 percent). This could be explained by 
its unique spectral pa枕emwhich has a very low reflection in the infrared region compared to 
vegetation and other land cover types. 
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The use of the NDWI alone gave a lower accuracy compared to the use of MOD IS bands. It is also 
noticed that the integration of the NDWI with MODIS bands did not improve the accuracy of the 
classification. 
Accuracy assessment 
Accuracy assessment was carried out using TM and ETM+ data. The accuracy was more than 95 
percent for al of the five continents. Comparison between the classified results of乱10DISdata 
with TM images is shown in 4, 5 and 6. 
Lake Mweru, located on the border between Zambia and Democratic 
Republic of the Congo 
Lake Edward, located on the border between the Democratic Republic of 
the Congo and Uganda 
Figure 4. Subset of some lakes in Africa 
Lake Biwa, Japan 
Lake Alakol, 
Figure 5. Subset of some lakes in Eurasia 
Amazon river, Brazil 
Lake Titicaca located on the border between Peru and Bolivia 
Figure 6. Subset of some lakes in South America 
4. Conclusion 
Unsupervised classification can be used for mapping water bodies from MODIS data on global 
scale with acceptable accuracy. Including other water indexes could further improve the accuracy of 
mapping water bodies and shoreline. The use of NDWI alone is not the ideal case for water 
mapping because it gave much lower accuracy compared with the use of MOD IS bands. 
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